We estimate the Anderson and van Wincoop model of trade by using the data on the bilateral export flows from 26 Turkish regions to 180 countries for the years 2002 through to 2010. Regional transportation and communication infrastructure capacity, the positioning of point infrastructure in a region, and geography are explicitly accounted for. Our results highlight that land infrastructure, air transport capacity, and private maritime infrastructure presence, together with the distance of regional economies to exit nodes such as ports and airports, are important determinants of export performance. Based on our preferred regression where multilateral resistance terms are accounted for, we estimate that increases in the current land infrastructure, air transport capacity, and number of private ports of 1 per cent increases exports approximately by 0.38 per cent, 0.14 per cent, and 0.045 per cent respectively.
Introduction
Since the early 2000's, Turkey has been ambitiously investing in its transportation infrastructure. This period of increase in infrastructure investment has been accompanied by a surge in export performance, but at the same time has been coinciding with an increase in the current accounts deficit. Roughly at the same time as this upward trend in infrastructure investments and exports in Turkey, the economic literature focusing on the relationship between infrastructure and trade has also become enriched with many new research results. A positive effect of infrastructure on trade through the reduction of transport costs has been documented by: Bougheas et al. (1999) for a sample of European countries; Limao and Venables (2001) , Nordas and Piermartini (2004) , Carrre (2006) , Iwanow and Kirkpatrick (2009) A recent study on Turkey by Kustepeli et al. (2012) found no significant relationship between country-wide highway infrastructure 1 and international trade. However, the authors also point out that there is a negative correlation between highway infrastructure investment and highway length 2 . Considering that road infrastructure represents only a part of all trade-related infrastructure 3 , and that infrastructure is not uniformly distributed among regions, it would be beneficial to focus on the infrastructure-trade relationship with explicit emphasis on different infrastructure categories and on the po-1 The authors measure infrastructure interchangeably in two ways: the share of highway expenditures in the public budget, and highway length. 2 We assume that a possible reason for their finding could be that investment could have been made for removing older, curvier roads, and replacing them with straighter roads (or for example, building a tunnel) which would reduce the length of a highway from one point to another. 3 As of 2009, the distribution of Turkish exports by modes of transportation were as follows: Roads 41.7%, Sea 46.0%, Air 9.5%, Rail 0.9%, and other modes 1.8% (Karacadag Development Agency, 2011) .
sitioning of infrastructure in space. Therefore, this study aims to answer the following two questions: Firstly, how much of the recent expansion and the sub-regional differences in Turkey's export performance can be attributed to trade-related infrastructure? Secondly, how did the different types of infrastructure impact on exports? The answer to these questions can potentially provide some valuable information not only for Turkey but also for other emerging economies and LDC's where infrastructure deprivation remains as a crucial issue. Additionally, we note that many trade studies measure point infrastructure in terms of traffic (such as port or airport traffic). We aim to answer the above questions with a focus on capacity rather than traffic in order to reduce endogeneity concerns.
Theoretical framework
We follow the Anderson and van Wincoop (2003) (henceforth AvW) gravity model of trade, in which consumers in region j maximize the following utility function:
subject to:
where σ is the elasticity of substitution, c ij is the consumption of the unique product of region i by the consumers in region j, β i > 0 is a distribution parameter for determining the weight assigned by consumers in j on the unique product of i, and the supply price of the exporter is p i . AvW define p ij as the price for goods of region i that the consumers in j face. The supply price p i is scaled by a trade cost factor (t ij > 1) that applies to the trade from i to j such that p i t ij = p ij . Consequently, the budget constraint for region j in the AvW model is i c ij t ij p i = y j . In our adaptation of the AvW model, we define τ ij as the trade costs divided by the export capacity of region i denoted by s i :
where 0 < s i < 1. If s i could equal to 1, then the export capacity of region i is at a maximum, so that the c.i.f. price to consumers in region j is at a minimum. Alternatively, if s i is close to zero, region i has virtually no capacity to export and the cost of exporting from i to j would be prohibitively high. Therefore, exports from i to j are subject to two constraints: (1) the budget constraint of region j and (2) the export capacity constraint of region i. The following market clearing condition is imposed:
where x ji is the value of exports of j to i and p j τ ji c ji = x ji .
Equation (4) says that the income of region j is the sum of all exports of j to all other regions i. Solving the above defined model leads to the gravity equation:
where y w is the world income. A common proxy for t ij in trade literature is the distance between origin and destination economies. However, it has been emphasized by Beckerman (1956) that relative distance should be taken into consideration rather than absolute distance when examining the impact of distance on trade flows. Beckerman (1956) also suggested using prices in the origin and destination economies for measuring the relative distances. The author highlights two distance elements and defines them as follows: "the relative distance of every other country to the given country, which will influence the import pattern of the given country in one way" and "the relative distance of the given country to each other country, which will affect the export pattern of each other country and will thereby also have an effect on the import pattern of the given country" Beckerman (1956, p.36) . In the Anderson and van Wincoop (2003) model this concept is refined as "multilateral resistance" and formalized as price indices in the terms P j and P i where:
AvW assume symmetry of trade barriers (τ ij = τ ji ). This condition translates to our adaptation as
which assumes that the trade costs that i and j face relative to their own export capacities are equal.
The log-linearization of (5) yields:
Assuming that σ > 1, the closer region i is to its full capacity to export, the higher the export flows from i to j conditional on the level of income of the consumers in j.
Trade costs t ij are defined by Anderson and van Wincoop (2004) as:
where z m ij is the m'th observable factor for regions i and j that is associated with trade costs t ij , and γ m is the parameter measuring the role of the m'th factor in trade costs. Substituting (9) into (8) gives:
which yields our regression equation to be estimated after adding an error term to the right hand side. Section 4 explicitly shows the variables corresponding to each term in equation (10).
The system of reporting the regional output data for Turkey has gone through several modifications in the last decade. The spatial scale has been changed to NUTS 2 from NUTS 3 4 and the indicator of output has been changed to gross value added from gross domestic product. This change in reporting also corresponds time-wise to a two year gap in the data between 2001 and 2004. Moreover, the regional public investments data are reported only if province (NUTS 3) specific, but not if an investment was directed to more than one NUTS 3 level province. To cope with these issues in the data, we use the adjusted NUTS 2 level GVA and public investment figures compiled by Celbis et al. (2014) .
To summarize, the adjusted series for both these variables account for the differences in spatial scale in the officially reported data by (1) Celbis et al. (2014) use the GVA data for the year 2011 in their adjustments while in our study their adjustment process is replicated including the GVA figures up to the year 2010. 7 These regions are not administrative units but only statistical regions. The largest administrative sub-national units in Turkey are provinces. All regions consist of at least two provinces, except for Istanbul, Ankara, and Izmir which are provinces and regions at the same time.
while some variation is present for other trading units. This implies that the fixed effects estimation would still keep such variables even though for many observations in the sample the figures would be absorbed by the fixed effects. Therefore, in our fixed effects estimations, we manually drop such "mostly constant" variables for consistency. We employ distance based variables as in Granato (2008) from regional cores to exit nodes as a component of transport costs. These variables are also constant since they are defined in terms of Euclidean distance rather than road distance. 11 Except for region TRC:3 in the south-east. 12 All maps have been made by using the spmap command in Stata developed by Pisati (2007) . NUTS 3 provinces in the originally available shapefile have been aggregated to NUTS 2 regions using the Stata module mergepoly by Picard and Stepner (2012) . 13 Among the six countries dropped, Sudan has been dropped due to missing years in the data.
There are two methods that are common in the trade literature for controlling for the unobservable multilateral resistance terms P j and P i , namely by estimating the gravity model with importer and exporter fixed effects or by implementing the approach suggested by Baier and Bergstrand (2009) is the unadjusted ln distance of the exporting region i to the importing country j, the second term is the average ln distance of the exporting region i to all importing countries, the third term is the average ln distance of all exporting regions to the importing country j, and the fourth term is the average ln distance of all exporting regions to all importing countries. Additionally, if a random distribution of multilateral resistances is assumed, the specification can be estimated using a random effects model (Shepherd, 2012) . We use all three approaches in our estimations. However, a pair random effect estimation is ruled out in favor of fixed effects estimation by the Hausman test statistic reported in table 5.
We define the terms in equation (10) as functions of several empirical variables as follows: As the parameter σ is associated with the terms M m γ m lnz ij and lns i in equation (10), and these terms are determined by a multitude of empirically specified variables, we do not attempt an explicit estimation of this parameter of the structural model. In order to augment the theoretical gravity model with variables that account for region and country characteristics and their connectedness, the following variables are added to the specification: Partner country exchange rate j , Similar language ij , EU customs union ij , Country (importer) population j , Regional (exporter) population i , and Partner country is landlocked j .
After including the time index t, constant and error terms, the final specification is:
+ β 3 lnDistance ij + β 4 ln(P artner country exchange rate) jt + β 5 EU customs union jt + β 6 Similar language j + β 7 Land transport inf rastructure it + β 8 lnDSL per capita it + β 9 lnAir capacity it + β 10 lnP ublic port capacity i + β 11 Number of private ports i + β 12 lnAverage minimum distance to major airports i + β 13 lnAverage minimum distance to major ports i + β 14 lnRegional (exporter) population it + β 15 lnCountry (importer) population jt + β 16 P artner country is landlocked j + Common open border ij + ǫ ij,t Heckman (1979) to cope with possible selection bias. 14 We hypothesize that the adjacency of two economies would increase their probability to trade, but would not impact the amount of trade once trade has begun. Therefore, the variable Common open border ij is the only selection term we employ. 15 We separately discuss this estimation in (Appendix A).
14 These results are presented in 
Transport costs and export capacity
Our results highlight the importance of air transportation infrastructure in enhancing export performance. ln Aircapacity is significant and positive in all models at Tables 4   and 5 . As mentioned earlier, we include the variables that are measured in terms of distance as proxies for the trade costs t ij . Therefore, role of air transport infrastructure accessibility is also examined by the variable ln (Avg. min distance to airports). This variable yields negative but insignificant results in our estimations; we do not observe conclusive evidence that economies which are further away from airports export less than those that are closer to these exit nodes, but we find robust evidence that the transport capacity of these nodes are important.
Port infrastructure related variables present interesting results. While ln P ublic port capacity is negative and significant in all our models, Number of private ports yields positive and significant coefficients. This could be a sign of a crowding-out effect, or could underline that regions with more privately operated ports are much more efficient while those with a high public port capacity are adversely affected. Our results show that distance to ports also has a negative impact on regional exports, further highlighting the importance of this infrastructure type in export performance. This observed difference in the role of distance for airports and ports is easy to explain; distance would matter for ports because of bulky and heavy goods being transported, but not for airports because of high-value but small-volume exports.
The land infrastructure index is associated significantly and positively with regional export performance according to our results except in the models with importer and exporter fixed effects and pair fixed effects. These results provide evidence supporting the importance of road, highway, and railroad stocks for regional export performance with an estimated elasticity of approximately 0.38%. This finding is not very far from the estimated infrastructure elasticity of trade of about 0.42% for a developing economy estimated in the meta-analytic study of Celbis et al. (2013) . Our estimations suggest that for Turkey, land infrastructure is the type of infrastructure that has the most impact on regional exports, which is another result that is consistent with the above mentioned meta-analytic study. This finding may also be related to the fact that Turkey is adjacent to a trade block such as the EU to which it is connected mainly through land routes. 
Geography
Common open border positively and significantly affects exports according to most of our results from the models estimated by OLS, OLS with time dummies, and OLS with multilateral resistance terms. This variable is dropped from the model in the importerexporter and pair fixed effects estimations as it is bilaterally constant through our sample period. Results suggest that adjacency of a region and a country significantly and positively affects regional exports and that it is a relevant control variable. There is also some evidence based on our results from the OLS models with and without year dummies that if a partner country is landlocked, regional exports are negatively affected. However, this effect is no longer observable if multilateral resistances or importer fixed effects are taken into account in column 3 of Table 4 and column 1 of Table 5 respectively.
Regional demographic characteristics and other core gravity variables
Coefficients on regional population are positive and significant in all our models, suggesting that agglomeration economies export more. On the other hand, while destination country population yields positive estimates, out of these coefficients, those estimated using importer, importer and exporter, and pair fixed effects respectively in the columns of Table 5 are not significant.
The remaining variables are other commonly used factors in trade studies that stem from the theoretical gravity model. We observe the expected positive and significant coefficients for importer country GVA, emphasizing on the role of the destination demand.
On the other hand, some evidence is also observed for the positive effect of the origin GVA.
As expected, the larger the value of the Turkish lira in the currency of the trading partner, the less are the export flows. On the other hand, if a country enters into a EU customs union agreement with Turkey, regional exports are positively impacted according to the majority of our results. Finally, language similarity exhibits the expected positive impact.
Celbis et al. (2013) conducted a meta-analysis on the infrastructure elasticities of trade
obtained from 36 previous studies. According to their results, estimations that used a land transport infrastructure variable found significantly higher infrastructure elasticities of trade relative to estimations using other infrastructure types. Our results in Tables 4 and 5 are in line with this observation except for the models using importer-exporter and pair fixed effects, which yield insignificant elasticities of land transport infrastructure.
The authors also find that estimations focusing on maritime or air transport infrastructure find a significantly higher estimate of the impact of importer's infrastructure. While in our study, we focus on only exporter's infrastructure, our results regarding these two types of infrastructure reinforce the conclusion that they play an important role in trade facilitation, except for public port capacity, as seen in both Tables 4 and 5 . Therefore, the continuation of public investments in these types of public infrastructure are recommended. Results on ports yield a different story; as the number of private ports exhibit a positive impact on exports, public port capacity does not. This may point to certain efficiency differences between publicly and privately managed ports. However, access to public ports measured in terms of distance still has a positive effect on regional exports.
Thus, our results also show that the location of point infrastructure is important for regions regardless of a public-private distinction. As a result, the findings of this study underline the roles of land, port, and airport transport infrastructures in the exports of Turkey, and also the importance of the spatial distribution of point infrastructures as exit nodes for exports. 16 The center of a region is taken as its most populous city of the region in 2008 (Turkstat). Generated from coordinates using Stata command spmat (Drukker et al., 2011) . MRT corrected as suggested by Baier and Bergstrand (2009 Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 While most of the coefficients are similar to those from our previous results, the earlier reported Hausman test suggests that we favor the pair fixed effects results reported in column 3 of table 5. On the other hand, the pair fixed effects regression drops many key variables due to them being constant, causing loss of valuable information.
Sample selection bias can potentially arise in trade research as only those countries that engage in trade are used in the regression analyses (Helpman et al., 2008) . We conduct a maximum likelihood estimation of a Heckman sample selection model for our empirical specification.
17 Column 2 of On the other hand, land transport infrastructure has an insignificant coefficient.
17 Puhani (2000) suggests that the full-information maximum likelihood estimator can be preferred over the two-step method of Heckman (1979) if collinearity problems are not present. 18 We do not consider Azerbaijan as a neighbor of Turkey as the enclave represents only a very small part of its economy. 
A.3 Land infrastructure index construction
The weights presented in footnote (3) were used to create the land infrastructure index using road length, highway length, and railroad length per 1000 sqm as follows: the total share of road and railroad in exports in 2009 was 0.417 + 0.09 = 0.507 (so about half of total exports in were made through these types of infrastructure). 
A.4 Exchange rates
Exchange rates to USD for each partner country are from Penn World Table 7 .1 (Heston et al., 2012) 20 . Each country's exchange rate to USD was divided by Turkey's exchange rate to USD in a given year so that all observations express the amount of the corresponding foreign currency one Turkish lira can buy within a specific year.
A.5 DSL data imputation
The observations for 2002 and 2005 for each region is missing for the DSL (or ADSL) data. 21 The missing values were imputed using the regional public investments in transportation and communication (TPI) by predicting the missing values for each region i using the coefficients from the OLS estimation of the below equation:
ln(adsl) t = a + β(T P I) t−1 + ǫ 21 For 2003, the figure is reported as "DSL" where as for the rest of the years they are reported as "ADSL."
